Background {#Sec1}
==========

Prioritizing health policies and programs in resource poor settings is particularly important to ensure scare resources are used effectively for the maximum return. There are various priority setting tools available to guide decision makers to assess potential mortality impact and cost effectiveness of health programs. The Lives Saved Tool is one among them that goes beyond considering potential impact and cost effectiveness of health interventions, but also account for context-specific effectiveness of interventions, has the ability to conduct prioritization in national and subnational levels, and the tool has been validated in African and South Asian settings \[[@CR1]--[@CR3]\].

Missed Opportunity tool as a 'first look' at prioritizing interventions according to their impact {#Sec2}
-------------------------------------------------------------------------------------------------

There have been published experiences of using LiST to guide decisions in country-level program planning in countries such as Burkina Faso, Ghana, Malawi, Ethiopia, and South Africa \[[@CR4]--[@CR6]\]. In order to provide an easier and quicker experience for users to identify and prioritize health interventions, an automated analysis called Missed Opportunity that assess impact of each proven interventions reaching every mother and child was recently added as a new tool in LiST. If there is no universal access to these interventions, the potential deaths averted will become "missed opportunities".

Global Financing Facility investment cases as an application of the Missed Opportunity tool {#Sec3}
-------------------------------------------------------------------------------------------

The Global Financing Facility (GFF) is a financing platform that garners financial support from multiple partners to fund reproductive, maternal, newborn, child, and adolescent health (RMNCAH) activities in low and middle income countries. There are country-led efforts to develop investment cases to state the prioritized activities the country wants to focus on to improve RMNCAH, and the associated funds needed. The investment cases are then used as a guide to mobilize resources from the national government and partner organizations \[[@CR7]\]. As investment cases aim at prioritizing high impact, evidenced-based interventions, Missed Opportunity analyses were conducted to demonstrate utility of the tool for decision making. Missed opportunity results were used to compare the relative impact of interventions, and to prompt contextualized discussions to affect prioritization of intervention scale-up.

Methods {#Sec4}
=======

The Spectrum software is a suite of policy models that is free and publicly available for use, and provides the necessary demography, HIV/AIDS, and family planning information for mortality impact modeling in LiST \[[@CR8]\]. LiST projects mortality impact of women, stillbirths, and children based on changes in coverage of interventions that have a proven effect on reducing cause-specific mortality. Users can create projections, and utilize the default country-specific inputs, or specify their own to model the impact of about 70 maternal and child health interventions \[[@CR9]\]. The Missed Opportunity tool, housed within the LiST module of the Spectrum software, automates the process of scaling up coverage of each of the 70 interventions individually to a target coverage at scale, and rank the interventions according to the magnitude of deaths averted by the interventions. Users can either use the default data or user-entered data to look at missed opportunities. The process in which the Missed Opportunity tool produces results is exactly the same as creating 70 projections in LiST for each country, and scale up one intervention in a projection at a time. Spectrum version 5.441 was used for this analysis to look at missed opportunities in pilot countries of GFF -- Democratic Republic of the Congo (DRC), Ethiopia, Kenya, and Tanzania. Default model inputs such as baseline number of deaths, deaths by causes, mortality rates, and intervention coverage are included in Additional file [1](#MOESM1){ref-type="media"}.

Missed Opportunity analyses using default national level data in LiST {#Sec5}
---------------------------------------------------------------------

The Missed Opportunity tool draws on national level data in LiST. The LiST database houses national intervention coverage estimates from large household surveys such as the Demographic Health Survey (DHS) or the Multiple Indicator Cluster Survey (MICS), and other national health status data -- mortality rates, causes of death, disease incidences, and risk factors such as stunting and wasting prevalence. This database is updated as these new estimates become publicly available.

In the Missed Opportunity analysis using default data, coverage of each intervention in LiST is scaled up from its current coverage to 90% in the next year, while assuming coverage of all other interventions stay constant at its current coverage until the next year. The analysis can also be used to scale up contraceptive prevalence rate such that unmet need for contraception is reduced to 10%. 90% is chosen as the default target coverage at scale as it is an aspirational but achievable target, as evidenced by the coverage achieved by DPT3 vaccination in many low and middle income countries \[[@CR10]\]. Any interventions with coverage at or above 90% will be left as is and not scaled down. The set of interventions assessed in a Missed Opportunity analysis varies for each country, depending on the level of current coverage of interventions and the burden of diseases. When users look at the missed opportunities of countries using default national level data from LiST, the analysis includes 86 countries with an under 5 mortality rate of 20 or higher in 2015 (Additional file [2](#MOESM2){ref-type="media"}).

Missed Opportunity analyses using custom data {#Sec6}
---------------------------------------------

The Missed Opportunity tool is highly customizable for users who wish to use their own custom national or subnational level data, or for those who wish to set a coverage target other than 90%. Users will have to utilize the LiST model to create a projection using their custom data; subnational projections can be made quickly using the Subnational Projection tool in the LiST model. Users can then utilize the Missed Opportunity tool to create a Missed Opportunity file using their custom projection in order to visualize the intervention rankings according to additional deaths prevented.

Users may organize graphical results from the Missed Opportunity analysis according to the number of additional deaths prevented, by outcome type (maternal, stillbirths, or children), by delivery points of interventions, or according to causes of death. For step by step guidance on how to use the Missed Opportunity tool, please refer to the Spectrum help manual available for access via the software.

Results {#Sec7}
=======

Missed opportunities for women, stillbirths, children less than 1 month of age, and children 1--59 months of age are shown by intervention in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, and [4](#Fig4){ref-type="fig"} for Democratic Republic of the Congo, Ethiopia, Kenya, and Tanzania. Detailed estimates of deaths averted by age groups are available in Additional file [1](#MOESM1){ref-type="media"}.Fig. 1Total number of deaths averted per intervention in DRC\*. \*Only the top 20 interventions with the most deaths averted are shown Fig. 2Total number of deaths averted per intervention in Ethiopia\*. \*Only the top 20 interventions with the most deaths averted are shown Fig. 3Total number of deaths averted per intervention in Kenya\*. \*Only the top 20 interventions with the most deaths averted are shown Fig. 4Total number of deaths averted per intervention in Tanzania\*. \*Only the top 20 interventions with the most deaths averted are shown

When reducing unmet need for family planning is included in the analysis, it averts the most total deaths for all age groups for all four countries. When reducing unmet need for family planning is not included, Table [1](#Tab1){ref-type="table"} shows the top five missed opportunities across all age groups. Labor and delivery management in the Comprehensive Emergency Obstetric Care (CEmOC) level, and the Basic Emergency Obstetric Care (BEmOC) level, full supportive care for neonatal sepsis/pneumonia, and for prematurity rank as the top interventions for averting total deaths. These are health facility-based interventions that are highly effective at saving lives \[[@CR11]--[@CR15]\]. Balanced energy supplementation for pregnant women is another top missed opportunity, as this proven intervention impact multiple death causes for stillbirths and children, but has not been rolled out in countries \[[@CR16], [@CR17]\]. Table [2](#Tab2){ref-type="table"} shows the top intervention by age groups that has averted the most deaths. Labor and delivery management in CEmOC level consistently averts the most maternal, stillbirths, and neonatal deaths in the four countries. The proportion of deliveries attended by skilled attendants at facilities are typically low in these countries, while receiving high quality care from a skilled attendant during labor and delivery at a CEmOC level facility is highly effective at averting deaths \[[@CR11]--[@CR13]\]. As for children 1--59 months, depending on the burden of disease and the baseline coverage of interventions, artemesinin -- based combination therapies for treatment of malaria (ACTs), oral antibiotics for pneumonia, and oral rehydration solution for diarrhea (ORS) avert the most deaths for this age group. Definitions of interventions in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} can be found in Additional file [3](#MOESM3){ref-type="media"}.Table 1Top five missed opportunities in DRC, Ethiopia, Kenya, and Tanzania (1 - largest no. of total deaths averted)DRC^a^Ethiopia^a^Kenya^a^Tanzania^a^1Labor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC level2ACTs - Artemesinin --based combination therapies for treatment of malariaLabor and delivery management at the BEmOC levelLabor and delivery management at the BEmOC levelLabor and delivery management at the BEmOC level3Balanced energy supplementationFull supportive care for neonatal sepsis/pneumoniaFull supportive care for neonatal sepsis/pneumoniaBalanced energy supplementation4ORS - oral rehydration solutionLabor and delivery management at the Essential care levelFull supportive care for prematurityFull supportive care for neonatal sepsis/pneumonia5Water connection in the homeFull supportive care for prematurityBalanced energy supplementationFull supportive care for prematurity^a^If reducing unmet need for family planning is included in the Missed Opportunity analysis, it averts the most total deaths for all four countries Table 2Top interventions with most deaths averted by age groups in DRC, Ethiopia, Kenya, and TanzaniaDRCEthiopiaKenyaTanzaniaMaternalLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC level^a^Labor and delivery management at the CEmOC levelStillbirthBalanced Energy SupplementationLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC level^a^Labor and delivery management at the CEmOC level0-1 monthsLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC levelLabor and delivery management at the CEmOC level^a^Labor and delivery management at the CEmOC level^a^1-59 monthsACTs -- Artemesinin-based combination therapies for treatment of malaria^a^Oral antibiotics for pneumonia^a^ORS - oral rehydration solution^a^ORS - oral rehydration solution^aa^If reducing unmet need for family planning is included in the Missed Opportunity analysis, it averts the most deaths for this age group

Discussion {#Sec8}
==========

The Missed Opportunity tool is intended to provide a quick, first look for users who may or may not have an in depth knowledge of the current health status and intervention coverages of the countries of interest, or the relative efficacy of interventions. Users can produce missed opportunity results with a few clicks in the Spectrum software, which will make projecting mortality impact easily accessible for those without extensive prior knowledge on how to use Spectrum or LiST. The Missed Opportunity tool was set up as an automated analysis when the LiST team has received multiple requests from donors and bilaterals to conduct the same analyses -- to quantify the impact of a hypothetical scenario of interventions reaching universal coverage. Since then, the Missed Opportunity tool has been used in ad hoc instances as a first look at impact, and few instances that were documented and published \[[@CR18]\].

Understanding results from Missed Opportunity analyses {#Sec9}
------------------------------------------------------

Interventions with low current coverage that are highly effective at reducing main burden of diseases would emerge as the largest missed opportunities. As each intervention's coverage scale-up was analyzed in isolation of other interventions, these projected deaths averted attributed to each intervention are the maximum possible impact of that intervention. Missed opportunities from different interventions cannot be summed together, as one will double count deaths averted from different interventions that are effective in reducing the same cause-specific deaths.

As seen from the four countries, facility-based interventions and treatment interventions are typically the most impactful at averting deaths, when reducing unmet need for family planning is not included in the Missed Opportunity analysis. Reducing unmet need for family planning increases contraceptive prevalence, and in turn changes the mix of contraceptive methods and reduces fertility. The deaths averted shown in the Missed Opportunity analysis for this intervention encompass two pathways. A very small proportion of the deaths averted are due to a reduction of risky births, which in turn improves birth outcomes and avert deaths. Majority of the deaths averted are due to a reduction in number of pregnancies and births \[[@CR9]\]. Some may choose to not consider these as deaths averted, as these were children never born and therefore did not die. Users should interpret the relative impact of reducing unmet need for family planning compared to other interventions critically with this in mind.

Using Missed opportunity results for intervention prioritization {#Sec10}
----------------------------------------------------------------

Prioritization of interventions depends on a whole host of factors -- political will, societal preferences, funding availability, amongst many other factors. The Missed Opportunity analysis provide decision makers the number of potential lives saved as the normative factor to prioritize high impact interventions that are evidence-based. Ethiopia and Tanzania have both identified scaling up interventions delivered in BEmOC and CEmOC level facilities as priorities in their national health plans as well as their GFF investment cases. Results from this analysis, which identified BEmOC and CEmOC level interventions as the top missed opportunities, can be used to strengthen the case for prioritizing these interventions. As Missed Opportunity analyses are rather quick and easy to generate, it lends itself to being used frequently to capture changes in lives saved should there be changes in other more upstream aspects of the health system that improves coverage. Missed opportunity results can be generated regularly to populate country profiles for initiatives such as the Countdown to 2030 to track changes in lives saved as health status in countries improve. Missed opportunity results can also be generated to help governments monitor changes to projected lives saved when there are changes to health indicators according to RMNCAH scorecards.

Contextualizing Missed opportunity results to affect decision making {#Sec11}
--------------------------------------------------------------------

Missed opportunity results can also initiate discussions among key players in RMNCAH on how to efficiently implement, deliver, and sustain coverage of these interventions in an equitable manner at scale, such that they will achieve their projected impact. As the scale-up of these interventions heavily depend on health system readiness and require multi-sector collaboration, it is also important to involve non-health partners in discussion and planning. In Ethiopia for example, results from our Missed Opportunity analysis support the focuses of the Ministry of Health according to their Health Sector Development Program (HSDP) IV. HSDP has specific targets for scaling up skilled birth attendance and institutional delivery, upgrading health facilities to provide BEmOC and CEmOC level of care, and neonatal case management \[[@CR19]\]. However, these interventions might be less feasible to implement at scale in short term, compared to community-based interventions, as they require more resources. Hospital-based interventions are also less likely to be equitable, especially when majority of the Ethiopian population live in rural areas with fewer high level health facilities than urban areas \[[@CR5]\]. Missed opportunity results are intended for users to rapidly compare the relative impact of interventions, and will then require in-depth, contextualized discussions to affect priority setting. For example, a local policy dialogue is required to determine where and who should provide treatment and support to newborns with infection and children with pneumonia and diarrhea, as well as how to make the treatment affordable to the poorest households.

Although the Missed Opportunity analysis scales up coverage of intervention in isolation of others, it by no means encourage the implementation of individual vertical programs that emphasize a single intervention, versus delivering packages of preventive and treatment interventions to combat multiple diseases through a horizontal, primary health care system \[[@CR20]\]. The case of synergy is evident -- skilled birth attendant, emergency obstetric care and family planning are critical for the reduction of maternal and newborn deaths as well as stillbirth. Any Missed Opportunity analysis should not take away from a thoughtful local analysis -- one that carefully assesses the input data, and has substantiated assumptions for scale-up that consider the capacities of local health systems. A LiST analysis can then offer valuable information to project the return for investment, as interventions costs can also be assessed using the costing tool in LiST that uses an ingredients-based approach to account for costs of drug and supply, labor, capital, and other recurrent costs \[[@CR21]\].

Limitations of the Missed Opportunity tool {#Sec12}
------------------------------------------

It is also important to recognize the limitations of Missed Opportunity analyses. The Missed opportunities results currently only include deaths averted as an outcome, and will expand to provide stunting averted and non-severe cases of diseases averted in the future. Validity of the results depends on the quality of the input data for modeling. Although the four GFF priority countries all have recently published coverage surveys, coverage estimates from large household surveys are typically collected from a few years prior to publication. Assuming that coverage of interventions generally increases over time, using older estimates will overestimate the impact of intervention scale-up. It is also important to recognize that these coverage estimates were used under the assumption that the health interventions received were delivered with the best quality. Without an actual measurement of the quality of the health interventions delivered, one can assume that the coverage estimates from household surveys -- one that measures only need and use without quality, are an over-estimate of the effective coverage, and hence underestimating the missed opportunities. Finally, the Missed Opportunity analysis is modeling the aspirational scenario of bringing coverage of all interventions to those who need it in one year. If coverage of skilled birth attendants and facility delivery, used as proxies for coverage of facility-based interventions during childbirth, increase according its historical coverage, universal coverage can be reached by year 2035 \[[@CR22]\]. While lives saved are a quantifiable factor to justify prioritization, it does not suggest the necessary steps for a health system to achieve and sustain universal coverage of interventions. For example, promoting universal coverage of the top missed opportunity -- labor and delivery management in the CEmOC level -- will likely involve discussions such as equitable provision of CEmOC level facilities, transportation and referral to such facilities, and addressing economic and cultural barriers to access care \[[@CR23]\]. Having these life-saving services available will also require complementary effort on quality improvement, community mobilization, financial protection and other measures to ensure utilization of these services.

Conclusions {#Sec13}
===========

The Missed Opportunity tool can be used as an advocate for evidence-based priority setting. As the automated analysis allows users to quickly compare the relative impact of interventions, it is most useful for users without extensive knowledge about the current health status of the country, or prior knowledge on how to use Spectrum and LiST for mortality modeling. Decision makers should use results from the Missed Opportunity tool to generate local discussions on how to prioritize, implement, deliver, and sustain health programs, or to further utilize LiST to model impact of comprehensive packages of health programs according to the interventions prioritized using the Missed Opportunity tool.

Additional files
================

 {#Sec14}

Additional file 1:Missed opportunities and baseline status of DRC, Ethiopia, Kenya, and Tanzania. This file contains the full list of missed opportunities for DRC, Ethiopia, Kenya, and Tanzania. Note that only the top 20 missed opportunities per country were shown in figures in the manuscript. Baseline number of deaths, mortality rates, and causes of deaths are also available. (XLSX 138 kb) Additional file 2:List of countries included in Missed Opportunity analysis. This file contains the full list of countries included in the Missed Opportunity analysis in the Lives Saved Tool (LiST). The analysis includes 86 countries with an under 5 mortality rate of 20 or higher in 2015. (XLSX 17 kb) Additional file 3:List of interventions and their definitions. This file contains the definitions of interventions that correspond to the top 5 missed opportunities in DRC, Ethiopia, Kenya, and Tanzania. Also included are definitions of delivery levels for labor and delivery management. (DOCX 17 kb)

ACTs

:   Artemesinin-based combination therapies

BEmOC

:   Basic Emergency Obstetric Care

CEmOC

:   Comprehensive Emergency Obstetric Care

DHS

:   Demographic Health Survey

GFF

:   Global Financing Facility

HSDP

:   Health Sector Development Program

LiST

:   Lives Saved Tool

MICS

:   Multiple Indicator Cluster Survey

ORS

:   Oral rehydration solution for diarrhea

RMNCAH

:   Reproductive, maternal, newborn, child, and adolescent health
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